A novel, Gram-stain-negative, rod-shaped bacterial strain, designated as DCY109 
, was isolated from the rhizosphere of rusty mountain ginseng root located on Hwacheon mountain of Gangwon province, South Korea. 16S rRNA gene sequence analysis revealed that strain DCY109
T belonged to the genus Phenylobacterium and was related closely to
Phenylobacterium muchangponense KACC 15042 T (98.2 % similarity), Phenylobacterium immobile DSM 1986 T (96.9 %) and Phenylobacterium koreense KCTC 12206 T (96.7 %). The predominant isoprenoid quinone was ubiquinone (Q-10) and the DNA G+C content was 66.9 mol%. The major polar lipids were phosphatidylglycerol, an unidentified glycolipid and an unidentified lipid. The major fatty acids (>10 %) were C 16 : 0 , summed feature 3 (which comprised C 16 : 1 !7c and/or C 16 : 1 !6c) and summed feature 8 (which comprised C 18 : 1 !7c and/or C 18 : 1 !6c). Mean DNA-DNA relatedness between strain DCY109 T and its closest relative, P. muchangponense KACC 15042 T , was 15.1±3.9 %. Based on the physiological, biochemical, chemotaxonomic and genetic analyses, strain DCY109
T is considered to represent a novel species of the genus Phenylobacterium, for which the name Phenylobacterium panacis sp. nov. is proposed. The type strain is DCY109 T (=KCTC 42749
Ginseng is a well-known medicinal plant in Asian countries (Leung & Wong, 2010) . It has been cultured for hundreds of years due to its valued root, which is used as a curative drug and health tonic in oriental Asian medicine (Kim et al., 2014; Siraj et al., 2014) . Many novel bacterial strains had been isolated from ginseng fields, such as Sphingomonas panacis , Burkholderia ginsengiterrae and Burkholderia panaciterrae , and Microbacterium rhizomatis . The present work reports on a polyphasic study of a Phenylobacterium-like strain, designated as DCY109 T , isolated from the rhizosphere of rusty mountain ginseng root.
The genus Phenylobacterium was first described by Lingens et al. (1985) to accommodate aerobic, Gram-negative, nonmotile, coccobacilli or cocci, occurring singly or in pairs and with a tendency to utilize phenyl compounds such as L-phenylalanine, antipyrine and chloridazon as carbon sources. Recently, the description of the genus has been updated to include aerobic and facultatively anaerobic, motile and non-motile bacteria with an inability to utilize L-phenylalanine, antipyrine and chloridazon, a DNA G+C content range of 64-72 mol% and having unidentified glycolipids (Oh & Roh, 2012) . 16S rRNA gene sequence analysis determined the taxonomic position of Phenylobacterium to be within the order Caulobacterales, subclass Alphaproteobacteria, class Proteobacteria. At the time of writing, nine species had been reported in the genus Phenylobacterium. Members of the genus Phenylobacterium have been isolated from different environmental niches such as soil (Lingens et al., 1985) , water (Kanso & Patel, 2004; Tiago et al., 2005) , rotating biological contactor (Abraham et al., 2008) , compost (Weon et al., 2008) and blood (Abraham et al., 2008) . then vortexed and serially diluted to 10 -7 by using sterilized saline water (0.85 %, w/v). Subsequently, 100 µl of each dilution was plated on R2A agar (MB cell), and incubated for 7 days at 30 C. The resulting strain, designated as DCY109 T , was purified several times on R2A agar medium and pure colonies were maintained in R2A broth supplied with glycerol (4 : 1, v/v).
The genomic DNA of strain DCY109
T was isolated and purified using a commercial DNA isolation kit (Gene Al) according to the manufacturer's instructions. The 16S rRNA gene sequence of strain DCY109
T was amplified by using universal bacteria primers 27F, 1492R, 518F and 800R (Lane, 1991; Anzai et al., 1997) . The purified PCR products were sequenced by Genotech as described by Kim et al. (2005) . A partial sequence (1434 bp) of the 16S rRNA gene was assembled and corrected with SeqMan software version 4.1 (DNASTAR) and compared with 16S rRNA gene sequences available in the GenBank database using BLASTN searches on NCBI (http://blast.ncbi.nlm.nih.gov/ Blast.cgi) and in the EzTaxon-e server (Kim et al., 2012) . The 16S rRNA gene sequence of strain DCY109
T along with those of closely related species and genera were aligned together using CLUASTAL X (Thompson et al., 1997) . Phylogenetic trees were reconstructed via the maximum-likelihood, maximum-parsimony (Fitch, 1971 ) and neighbour-joining methods (Saitou & Nei, 1987) using the MEGA 5 program (Tamura et al., 2011) . Bootstrap values were determined based on 1000 replications (Felsenstein, 1985 (Fig. 1) . The same observation was made in the neighbour-joining tree (Fig. S1 , available in the online Supplementary Material).
Colony morphology was observed after growth on R2A agar (MB cell) at 30 C for 2 days. A motility test was performed using the hanging-drop technique (Bernard et al., 2002) . Cell size, shape and morphology were observed by transmission electron microscopy after growth on R2A agar (MB cell) for 2 days at 30 C. The Gram reaction was determined by using a bioM erieux Gram stain kit according to the manufacturer's instructions. Growth was tested using several media such as nutrient agar (NA), trypticase soya agar (TSA), R2A agar, Luria-Bertani agar (LB), potato dextrose agar (PDA; all from MB cell) and MacConkey agar (Difco) at 30
C. Growth at various temperatures (4, 10, 15, 20, 25, 30 and 37 C) was measured on R2A agar. A salinity test was carried out in R2A broth supplemented with different concentrations of NaCl [0-10.0 % (w/v), at 1.0 % intervals] at 30 C. Growth at different pH values (3-10, at 0.5 pH unit intervals) was estimated in R2A broth supplemented with 100 mM phosphate-citrate buffer (pH 3-7) and 50 mM Tris-Cl (pH 8-10). Catalase activity was tested by bubble production in H 2 O 2 solution (3.0 %, v/v). Oxidase activity was determined by using 1 % (w/v) N,N,N,N,-tetramethyl-1,4-phenylenediamine reagent (bioM erieux) according to the manufacturer's instructions. Hydrolysis of starch, casein, aesculin, Tween 20, Tween 80, DNA and gelatin was determined according to standard methods (Prescott & Harley, 2001) . To test for anaerobic growth, the strain was grown in R2A agar medium at 30 C for 10 days under anaerobic conditions by use of a BD GasPakTM EZ pouch (Becton Dickinson) with an anaerobe sachet in the pouch. Additional physiological and biochemical tests were carried out by using the API 20NE, API 32GN and API ZYM systems according to the manufacturer's instructions (bio-M erieux). Antibiotic susceptibility was determined by using Oxoid antibiotic discs on Müller-Hinton agar plates according to Bauer et al. (1966) . The inhibition zone was measured following the manufacturer's manual (Oxoid). The antibiotic discs used included carbenicillin (100 µg), vancomycin (30 µg), ceftazidime (30 µg), novobiocin (30 µg), neomycin (30 µg), tetracycline (30 µg), cephazolin (30 µg), erythromycin (15 µg), oleandomycin (15 µg), penicillin G (10 µg), rifampicin (5 µg) and lincomycin (15 µg).
Colonies of strain DCY109
T were morphologically circular with entire edges, white with glistening surface, approximately 0.5-1.5 mm in diameter, and tightly attached to the surface of R2A agar medium after growth for 48 h at 25 C. Cells were rod-shaped (0.4-0.5Â0.4-1.3 µm), nonflagellated (Fig. S2) , non-motile, Gram-reaction-negative, catalase-positive and oxidase-negative. Strain DCY109
T was able to grow on R2A agar and PDA but not on the other media. Growth of strain DCY109
T occurred at 20-30 C, at pH 6-9 (optimal at pH 7) and in the absence of NaCl. Strain DCY109 T could hydrolyse aesculin, Tween 20 and Tween 80 but not starch, casein, DNA or gelatin. The results of physiological and biochemical characteristics indicated by the API 20NE, API 32GN and API ZYM systems are given in Table 1 and in the description of the species. Strain DCY109 T was resistant to lincomycin (15 µg), penicillin G (10 µg), erythromycin (15 µg), rifampicin (5 µg), ceftazidime (30 µg), oleandomycin (15 µg), carbenicillin (100 µg) and cephazolin (30 µg); intermediately sensitive to neomycin (30 µg) and novobiocin (30 µg); and completely sensitive to vancomycin (30 µg) and tetracycline (30 µg).
Analysis of the DNA G+C content was performed as follows. The genomic DNA of strain DCY109
T was isolated by using the genomic DNA isolation kit (Gene All). Ten microlitres of solution containing 10 µg DNA was heated in a boiling water bath for 5 min and then cooled on ice. To prepare the nucleoside solution, the denatured DNA solution was mixed with 10 µl of nuclease P1 solution [nuclease P1 at 20 U per microlitre of 40 mM acetate buffer (pH 5.4)] and incubated at 50 C for 1 h. Then, 10 µl of alkaline phosphatase (40 U ml
À1
) was added to the sample mixture, and incubated for 1 h at 37 C (Mesbah et al., 1989) . The nucleosides were separated using a reversed-phase HPLC column (YMC-Triart C18; 4.6Â250 mmÂ5 µm). The genomic DNA of Escherichia coli strain B (D4889; SigmaAldrich) was treated by the same procedures and used as a standard. DNA-DNA relatedness experiments were carried out as described by Ezaki et al. (1989) . The optimal hybridization temperature was 51.7 C. The hybridization was performed using five replications. DNA-DNA relatedness values were expressed as a mean of the nearest three different replicates (mean±SD). The DNA G+C content of strain DCY109
T was 66.9 mol%, which lies in the range reported for the genus Phenylobacterium (Oh & Roh, 2012 Caulobacter vibrioides CB51 T (AJ009957)
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T was used as an out-group. * The strain is invalidly published.
are from distinct species (Wayne et al., 1987) . Therefore, the value in the present study indicates that strain DCY109 T represents a species distinct from P. muchangponense.
Cell biomass of strain DCY109
T and its closest relative, P. muchangponense KACC 15042 T , was prepared for analysis of isoprenoid quinones and polar lipids as follows. The strains were grown in R2A broth (Difco) at 30 C for 48 h, and then centrifuged at 5000 r.p.m. for 15 min. The cell pellets were collected and then freeze dried. The isoprenoid quinones of DCY109 T and P. muchangponense KACC 15042 T were extracted and analysed by using HPLC as described previously (Collins & Jones, 1981) . The polar lipids of strains DCY109 T and P. muchangponense KACC 15042
T were extracted and analysed as described by Minnikin et al. (1984) . Analysis of total fatty acids was performed as follows. Strain DCY109 T and three reference strains were grown on R2A agar for 24 h at 30 C. The cellular fatty acids were then extracted, saponified, methylated and purified according to the protocol of the Sherlock Microbial Identification System (Sasser, 1990) . The fatty acid methyl esters were analysed by GC (Hewlett Packard 6890) with Sherlock MIDI software (version 6.0) and a TSBA database (version 6.0).
The type of isoprenoid quinone was ubiquinone and Q-10 was detected as the major ubiquinone. This observation was the same for the reference strains, P. muchangponense A8 T (Oh & Roh, 2012) and Phenylobacterium koreense Slu-01 T (Aslam et al., 2005) . The major polar lipids of strain DCY109 T were phosphatidylglycerol, an unidentified gylocolipid and an unidentified lipid, which were similar to those of P. muchangponense KACC 15042 T , except the unidentified glycolipid that appeared as a major component in P. muchangponense KACC 15042 T appeared as a minor component in strain DCY109 T . The two strains also showed differences regarding the minor polar lipids (Fig. S3) . The major cellular fatty acids (>10 %) of strain DCY109 T were C 16 : 0 (22.0 %), summed feature 3 (10.4 %) and summed feature 8 (22.0 %), which is consistent with all reference species and in particular with P. muchangponense KACC 15042 T . There were some differences between the strains regarding the minor fatty acids. Strain DCY109 T was distinguished from the reference strains by the presence of higher amounts of C 10 : 0 and summed feature 1, the presence of C 11 : 0 2-OH and C 13 : 0 2-OH, and the absence of C 17 : 0 (Table 2) .
Based on the phylogenetic data, strain DCY109
T was suggested to be related to the genus Phenylobacterium. The physiological, biochemical and chemotaxonomic results distinguished strain DCY109
T from the closely related strains. Accordingly, strain DCY109
T can be proposed as representing a novel species of the genus Phenylobacterium, Phenylobacterium panacis sp. nov.
Description of Phenylobacterium panacis sp. nov.
Phenylobacterium panacis (pa.na'cis. N.L. gen. n. panacis of Panax ginseng, the source from which the type strain was isolated).
Cells are Gram-reaction-negative, aerobic, catalase-positive, oxidase-negative, non-motile, non-flagellated and short rodshaped (0.4-0.5Â0.4-1.3 µm). Colonies are circular with entire edges, white with glistening surface, and tightly attached to the surface of agar medium with a diameter of T ; 4, P. koreense KCTC 12206 T . All data were obtained from the present study. The strains were positive for alkaline phosphatase, esterase and leucine arylamidase but negative for production of indole, fermentation of glucose, arginine dehydrolase, urease, hydrolysis of gelatin, lipase, a-galactosidase, b-galactosidase, b-glucuronidase and a-fucosidase. None of the strains was able to assimilate D-glucose, L-arabinose, D-mannose, D-mannitol, N-acetylglucosamine, D-maltose, potassium gluconate, capric acid, malic acid, trisodium citrate, phenylacetic acid, D-ribose, myo-inositol, sucrose, itaconic acid, sodium malonate, L-alanine, potassium 5-ketogluconate, glycogen, 3-hydroxybenzoic acid, salicin, melibiose, L-fucose, Dsorbitol, propionic acid or L-histidine. +, Positive; W, weakly positive; À, negative.
Characteristic 1 2 3 4
Hydrolysis of: Tween 80 
approximately 0.5-1.5 mm after incubation on R2A agar for 2 days at 25 C. Growth occurs at 20-30 C (optimal 25 C). The pH range for growth is 6-9 (optimal pH 7). No growth in the presence of NaCl. Hydrolyses aesculin, Tween 20 and Tween 80, but not starch, casein, DNA or gelatin. Cells are able to grow on R2A agar and PDA. According to the API ZYM test, positive results are obtained for alkaline phosphatase, esterase, esterase lipase, leucine arylamidase, valine arylamidase, cystine arylamidase, a-chymotrypsin, acid phosphatase, naphthol-AS-BI-phosphohydrolase, b-glucosidase, N-acetyl-b-glucosaminidase and a-mannosidase while negative results are obtained for lipase, trypsin, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase and a-fucosidase. According to the API20NE test, positive results are obtained for hydrolysis of aesculin; a weakly positive result is obtained for the hydrolysis of PNPG; and negative results are obtained for nitrate reduction, production of indole, fermentation of glucose, hydrolysis of L-arginine, urea and gelatin, and assimilation of D-glucose, L-arabinose, D-mannose, D-mannitol, Nacetyl-glucosamine, maltose, potassium gluconate, capric acid, adipic acid, malic acid, trisodium citrate and phenylacetic acid. According to the API ID32 GN test, positive results are obtained for assimilation of L-rhamnose and L-serine; weakly positive results are obtained for salicin and L-proline; and negative results are obtained for N-acetyl-glucosamine, D-ribose, myo-inositol, sucrose, maltose, itaconic acid, suberic acid, sodium malonate, sodium acetate, lactic acid, L-alanine, potassium 5-ketogluconate, glycogen, 3-hydroxybenzoic acid, D-mannitol, D-glucose, melibiose, L-fucose, D-sorbitol, L-arabinose, propionic acid, capric acid, valeric acid, trisodium citrate, L-histidine, potassium 2-ketogluconate, 3-hydroxybutyric acid and 4-hydroxybenzoic acid. The predominant ubiquinone is Q-10. The major polar lipids are phosphatidylglycerol, an unidentified glycolipid and an unidentified lipid. The major cellular fatty acids (>10.0 %) are C 16 : 0 , summed feature 3 (which comprises C 16 : 1 !7c and/or C 16 : 1 !6c) and summed feature 8 (which comprises C 18 : 1 !7c and/or C 18 : 1 ! 6c) and characteristic hydroxyl fatty acids, C 11 : 0 2-OH and C 13 : 0 2-OH, are found as minor components.
The type strain, DCY109 T (=KCTC 42749 T =JCM 31045 T ), was isolated from the rhizosphere of mountain rusty ginseng root at Hwacheon, Gangwon province, Republic of Korea. The DNA G+C content of the type strain is 66.9 mol%. 
